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Introduction
In inertial confinement fusion (ICF), large amounts

of (laser) energy are delivered onto a target containing
fusion fuel, usually deuterium–tritium (DT). The
rocket-like blowoff of the target shell material com-
presses the fuel within, leading to fusion.

The direct-drive approach to ICF uses direct laser
irradiation to implode the capsule. The indirect-drive
approach converts laser energy to x rays in a Au
hohlraum, and the x rays are used to implode the cap-
sule. The National Ignition Facility (NIF) has been
designed principally for indirect-drive ignition; how-
ever, fairly modest enhancements to the facility would
make direct-drive ignition achievable as well. The
facility requirements were specified in 1995 in a white
paper,1 and the design modifications necessary to meet
those requirements were presented in the Advanced
Conceptual Design Review.2 The main requirements
for direct drive are a beam configuration that is dis-
tributed nearly evenly around the capsule in all direc-
tions and a beam smoothing system in the laser front
end that meets more stringent requirements than those
for indirect drive. The timescale to implement these
capabilities on the NIF has not yet been determined.

Background
To illuminate the capsule uniformly re q u i res a diff e r-

ent beam geometry than that used to drive a cylindrical
hohlraum, as shown in Figure 1. For indirect drive, clus-
ters of four beamlets are distributed in four rings,
g rouped in two pairs, in each hemisphere. These rings
give two cones of illumination that are directed into

each end of a hohlraum3 at angles 23.5°, 30°, 44.5°, and
50° from the chamber axis. For direct drive, suitable illu-
mination may be obtained by steering the beams fro m
the second and fourth rings to a fifth ring at 77.45°, giv-
ing an intrinsic illumination uniformity (for perfect
pointing and power balance) of 0.2% rms. This is con-
siderably better than the 1% rms in spherical harmonic
m o d e s l < 20, which is re q u i red. However, beam point-
ing errors and power imbalance will also cause illumi-
nation nonuniformity. Pointing accuracy and power
balance re q u i rements, which follow from the uniformity
specification, are discussed later in this article.

For indirect drive, only a fraction of the laser energy is
converted into x rays, and only a fraction of the x rays are
absorbed by the capsule, which makes direct drive
appear to be a more efficient use of laser energy to
implode a capsule.  However, there are also several ineff i-
ciencies in direct drive, and, by our current understand-
ing of target physics, it appears that about the same
e n e rgy is needed to obtain ignition by either appro a c h .
Only about half of the laser energy is actually absorbed
by the capsule in the direct-drive designs we have con-
s i d e red. The laser spot size is chosen to be comparable
with the initial target diameter to get adequate illumina-
tion uniformity. As the capsule implodes, only the centers
of the beams get into dense plasma and are absorbed eff i-
c i e n t l y. Also, the fraction of absorbed energy converted
into implosion kinetic energ y, the “rocket eff i c i e n c y,” is
lower for direct drive. Direct laser illumination deposits
e n e rgy into lower-density plasma than indirect x-ray illu-
mination, so a lower mass is ablated at a higher exhaust
v e l o c i t y, which gives a less efficient rocket. 

Also, it is necessary to implode a direct-drive cap-
sule shell on a higher adiabat than is the case for indire c t
drive. The adiabat characterizes the degree of degener-
acy of the fuel. The usual definition of the adiabat is 
α = P/PF, where P is the pressure in the fuel, and PF
is the pressure for Fermi degenerate fuel at the same
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density. Indirect-drive designs with α ≈ 1 are predicted
to have adequate stability;3 direct-drive designs are
predicted to need an increase of the adiabat to α ≈ 2–4
to prevent the shell from breaking up. The higher the
adiabat, the lower the fuel density for a given stagna-
tion pressure resulting from the implosion. This lower
density leads to a faster ablation rate and improved
stability. However, more implosion energy is needed to
achieve ignition, and the gain at a given implosion
energy is lower.4 Lindl presents these energetics scal-
ings in detail.5

The physics for the indirect-drive target design have
been tested exhaustively in the work specified by the
Nova Technical Contract.6 A significant amount of
direct-drive research has also been conducted on Nova
and elsewhere, but much more is required. The
research program on the Omega7 laser at the
University of Rochester, together with work at the
Nike8 laser at the Naval Research Laboratory, the
GEKKO XII9 laser at Osaka University, and other facili-
ties throughout the world, will make it much more
clear in a few years what the probability of success will
be for direct drive as a route to ignition on the NIF.

Capsule Designs
We have examined the capsule designs (frozen DT

shells surrounding DT gas) developed at the University of
R o c h e s t e r,1 0 shown in Figure 2. Practical capsules would
re q u i re a thin outer layer, such as a few micrometers of
CH, for mechanical support, but this layer has been omit-
ted from our simulations. The capsules are driven with 
1.5 MJ of 0.35-µm light with pulse shapes as shown in
F i g u re 2. The capsule in Figure 2(a) uses a picket pulse
shape; the one in Figure 2(b) uses a continuous pulse

shape. Both pulse shapes are used to adjust the timing of
shocks through the shell to set the fuel on the desired adi-
abat (α = 3.7 for the continuous pulse shape and α = 2.2
for the picket pulse). Figure 3 shows the time history of
the mass-averaged fuel adiabat. Note that most of the
e n t ropy for the continuous pulse capsule is created by the
first shock, while for the picket capsule most is added by
the fourth shock. The capsule yields, in 1D simulations
neglecting mix, are 17 and 33MJ for the continuous and
picket designs, re s p e c t i v e l y.

FIGURE 2.Capsule dimensions and pulse shapes for two direct-
drive designs: (a) picket-pulse and (b) continuous-pulse shape. EL is
laser energy on target, and Y is fusion yield from the target.     
(20-03-0397-0441pb01)

FIGURE 1. Beam cluster loca-
tions on a map of the target
chamber. Ports used for direct
drive are shaded. Indirect-drive
ports, which are not used for
direct drive, are unshaded, with
arrows showing how the beams
are shifted to the new rings at
77.45° and 102.55°.
(20-03-0397-0432pb01)
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FIGURE 3. Fuel adiabat vs time for picket- and continuous-pulse
capsules. (20-03-0397-0442pb01)

FIGURE 4. Gray scale indicates fuel density near ignition time in a
2D simulation of one quadrant of the continuous-pulse capsule
design driven with the NIF beam geometry, assuming perfect point-
ing and power balance. (20-03-0397-0443pb01)

Illumination Uniformity

Direct- and indirect-drive capsules require unifor-
mity over the capsule surface to a level of about 1%
rms. For direct drive, this must be achieved by the
laser. For indirect drive, x-ray transport between the
capsule and the hohlraum wall effectively eliminates
nonuniformity for approximately l ≥ 10, while lower
modes must be controlled by hohlraum geometry,
beam pointing within the hohlraum, and beam phas-
ing. For direct drive, nonuniformity in modes l ≤ 20 is
dominated by contributions from the beam geometry,
pointing errors, power imbalance, and gross beam pro-
file. Contributions for l > 20 are dominated by sub-
structure within individual beams, which creates target
modulations in a process called imprint, discussed
later in this article.

2D simulations can examine implosion nonunifor-
mity, resulting from the beam locations, by represent-
ing the laser illuminations as cones of beams. Only a
full 3D simulation can examine a 3D structure resulting
from discrete beams in each cone. Figure 4 shows fuel
density at ignition time for a simulation of one quad-
rant of the continuous pulse design. Nonuniformities
in the angular direction are small, and the simulation
predicts full yield. We anticipate no significant nonuni-
formity in direct-drive implosions resulting from the
beam configuration.

Beam pointing errors and power imbalance give
additional irradiation nonuniformities. Figure 5 shows
the level of nonuniformity expected for the pointing
and power balance accuracy for which NIF has been

FIGURE 5. The solid lines show illumination nonuniformity (contri-
bution of a given mode to the rms) vs spherical harmonic mode
number l, for three random choices of pointing error and power
imbalance consistent with NIF specifications. The shaded line shows
intrinsic nonuniformity from the beam geometry alone.
(20-03-0397-0444pb01)
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designed—50 µm rms pointing accuracy for each beam
cluster and 5% rms power imbalance for each beamlet.11

These specifications follow the 1% rms illumination
uniformity requirement. The white paper1 gives the
derivation of these laser specifications from the unifor-
mity requirement. The nonuniformity has been calcu-
lated for three randomly selected sets of errors, and
then broken down into spherical harmonic modes, Ylm.
The quadrature sum over m of the intensity rms, σl , is
shown at each l mode. It may be seen that most of the
nonuniformity is in modes l = 1–4, and that the contri-
bution from pointing errors and power imbalance
dominates the intrinsic nonuniformity. At higher
modes, the intrinsic component becomes a significant
fraction of the total.

Drive nonuniformities from pointing deviations and
power imbalance generally are not axisymmetric. To
look at these effects in a 2D LASNEX simulation, we
consider m = 0 for a single l mode at a time. Drive
asymmetry is introduced as an angle-dependent
energy deposition source, rather than the usual laser
ray trace, as this gives better control of the spatial

structure and less numerical noise. Figure 6 shows
results of simulations for l = 2, 4, 8, and 12 at levels
comparable with the predicted values, none of which
is very distorted. The capsule is subject to the sum of
the distortions over l , which is several times worse
than one of the single low l cases, but this should still
be tolerable. Thus, the LASNEX simulations support
the laser uniformity specifications in the white paper.

Laser Imprint
Illumination nonuniformity on smaller spatial

scales, roughly l > 20, arises mainly from spatial mod-
ulation in individual beams. Imprint is the formation
of target perturbations from small-scale intensity
nonuniformity. Rayleigh–Taylor (RT) instability causes
target perturbations in the range 20 < l < 200 to grow
by large factors during the implosion, so the uniformity
must be very good. Beam smoothing is performed with
random phase plates (RPPs)1 2 and smoothing by spec-
tral dispersion ( S S D ) .1 3 RPPs break up the spatial coher-
ence of the beam to give a laser spot with fine speckles

FIGURE 6. Fuel density near
ignition time from simulations
of single l mode drive asymme-
try for (a) σ2 = 0.012, (b) σ4 =
0.0025, (c) σ8 = 0.001, and (d) σ12
= 0.0004. A full quadrant was
simulated for l = 2, 4, while l =
8, 12 were modeled with a
wedge between the first peak
and valley of the modulation.
(20-03-0397-0445pb01)



47UCRL-LR-105821-97-2

DIRECT-DRIVE CAPSULES FOR NIF

and a smooth envelope. The RPP spot has a total modu-
lation σrms/I0 = 1, where I0 is the mean intensity, and
there is power on all spatial scales larger than the
speckle size. SSD reduces the modulation further by
i n t roducing bandwidth to the laser beam and dispers-
ing the spectral components with a grating, giving a
different speckle pattern every coherence time so that
the spot is smoothed in the time average. To get the
smoothing level needed for direct drive, σrms/I0 <
0.01, the beam must be dispersed in both dire c t i o n s ,
which is called 2D SSD. While 1D SSD may help miti-
gate laser–plasma instabilities for indirect drive, we
believe that 2D SSD is needed to meet the more strin-
gent requirements of direct drive. At best, the modula-
tion is reduced to σrms/I0 = (tc/tavg)1/2, where tc is the
coherence time, related to the bandwidth ∆ν by tc =
1 /∆ ν, and ta v g is the averaging time. A more detailed
description of the effects of the beam smoothing
parameters upon the character of the intensity nonuni-
formity has been presented elsewhere.14

We simulated imprint by calculating the target mod-
ulation introduced by single-mode time-independent
intensity modulations. The structure of a perturbation
resulting from laser speckle is found to become indis-
tinguishable from that of a perturbation that started
out as a surface bump after some characteristic relax-
ation time.15,16 The relaxation time is often the begin-
ning of bulk acceleration of the shell, when
perturbations of any origin relax into eigenmodes of
the RT instability. Also, the amplitude of the target per-
turbation is proportional to the size of the intensity
modulation. Therefore, it is convenient to relate the
imprinted perturbation to a surface finish perturbation
that develops into the same size structure after the
relaxation time, called the equivalent surface finish, εl.
Then, we scale out the intensity modulation to get a
quantity called the imprint efficiency, El = εl/(δIl/I0),
where δIl is the intensity modulation amplitude in
mode l. Figure 7 shows the imprint efficiency calcu-
lated for several mode numbers. These simulations
were conducted in planar geometry, as convergence
effects are small during the imprint timescale, and
used a modulated energy deposition source, as
described earlier.

Imprint is generally effective for only a limited period
of time—intensity nonuniformity has less effect upon a
t a rget at later times. One reason is that heat conduction
gives thermal smoothing1 7 between where the laser
e n e rgy is absorbed and the ablation front.  Modulation
of ablation pre s s u re is predicted to be reduced from the
modulation in laser intensity as δP / P = e– k∆r, where δP
is the ablation pre s s u re modulation, k is the wave 
number of the transverse intensity modulation, and ∆r
is the separation between where the laser energy is
deposited and the ablation front. Thermal smoothing 
is greater for shorter wavelengths or higher mode

FIGURE 7. Imprint efficiency vs spherical harmonic mode number
for the continuous-pulse NIF design. (20-03-0397-0433pb01)

numbers and increases with the thickness of the
ablated plasma. Also, once hydrodynamic perturba-
tions are created at the ablation front, they grow by the
RT and Richtmyer–Meshkov (RM) instabilities. Over
time, additional imprint becomes less and less signifi-
cant compared with earlier imprint, which has been
amplified by growth. Note that the imprint time may
not be the same as the relaxation time. Imprint may
have terminated before the shell begins bulk accelera-
tion, but the longitudinal structure of the imprinted
perturbation may differ from that of a surface finish
perturbation until both relax into an RT eigenmode.

A timescale over which imprint occurs has been
examined with simulations in which the intensity pat-
tern is switched from modulated to spatially uniform
at different times. Figure 8 shows column density
modulation, taken from planar simulations of modula-
tion wavelength corresponding to l = 30 and l = 100,
for cases in which the laser was made spatially uni-
form after 0.25, 0.5, 1, 2, or 4 ns. The later we switch to
uniform illumination, the closer the results are to these
with constant modulation. We can extract a character-
istic time by which 80% of the imprint has occurred
(about 1.4 ns for l = 100 and 4.9 ns for l = 30). Phase
oscillations somewhat complicate interpretation of the
imprint timescale, especially for the l = 100 case. 

An equivalent surface finish modal spectrum was
obtained by multiplying the imprint efficiency by the pre-
dicted spectrum of optical modulation, using a simplified
smoothing model in which an independent speckle pat-
tern is generated every laser coherence time. (Refere n c e
14 provides a more complete model.) We took the imprint
timescale to be 2 ns, independent of l, and the cohere n c e
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time to be 2 ps, from the NIF direct-drive bandwidth of
0.5 THz. Overlap of 50 beamlets and two polarizations at
any spot on the capsule gives an additional smoothing
factor of 10. The equivalent surface finish spectru m ,
shown in Figure 9, is comparable in amplitude with the
surface finish from fabrication measured for Nova cap-
s u l e s .1 8 The rms modulation from imprint is 11 nm and
that from fabrication is 8.4 nm, adding in quadrature to a
total effective surface finish of 13.9 nm. These spectra do
not include a rise in the fabrication spectrum at low mode

numbers (l < 16), neglected in the fit shown here, or
intensity modulation in low modes due to beam pointing
and power imbalance.

The bandwidth and divergence requirements for
beam smoothing stress the laser performance in some
respects. Frequency-conversion efficiency decreases
with increasing bandwidth, although this effect can be
mitigated to some degree with, for example, three crys-
tal conversion schemes. Spatial filter pinhole closure
can limit the divergence. Since imprint occurs mainly
during the early, low-power phase of the pulse, it
seems likely that smoothing requirements at peak
power should be less stringent. The beam smoothing
specifications in the white paper1 assume that the
bandwidth requirement at peak power can be relaxed
a factor of two below that for the foot of the pulse.
Further research is needed to refine this estimate.

Ablation Front Perturbation
Growth

Growth at the ablation front of perturbations initi-
ated either by imprint or surface finish may be evalu-
ated using the dispersion relation for ablative RT19,20

(1)

w h e re γk is the growth rate at wave number k, the
acceleration g = 8.5 × 1 01 5 c m / s2, the density gradi-
ent scale height L = 0.5 µm, and the ablation velocity
va = 3.4 × 105 cm/s.  Numerical values are averages
over the shell acceleration from a 1D simulation of
an implosion. The wave number is related to the
mode number by k = l/r, where we use r = 0.1 cm as

    
γ k =

gk

1 + kL
− 3kva ,

FIGURE 8. Column density
modulation amplitude from
imprint simulations for (a) l = 30
and (b) l = 100. The heavy solid
line shows the case where the
intensity is modulated at all
times, while the shaded curves
show cases in which the laser is
made spatially uniform at vari-
ous times. (20-03-0397-0434pb01)

FIGURE 9. Amplitude per spherical harmonic mode number Yl m vs
mode number l for imprint modulation expressed as equivalent sur-
face finish, actual surface finish, and total effective initial surface
modulation. (20-03-0397-0435pb01)
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a mean shell radius for this time interval. LASNEX
simulations of linear regime mode growth have been
used to check that this dispersion relation is applica-
ble. The peak growth rate is about 2 ns– 1 at l ≈ 1 5 0 .
The total linear growth factor to the time of peak
i n w a rd velocity is

(2)

w h e re ∆t = 4.66 ns is the acceleration time. Figure 10
shows the ablation front growth factors from Eq. (1)
for the continuous pulse capsule design and for an 
α ≈ 1 design. It is clear that raising the adiabat
i m p roves stability. The ablation velocity is defined as

w h e re is the mass ablation rate and
ρm a x is the peak density in the shell. The mass abla-
tion rate changes little if the shell adiabat is changed
while the laser intensity is held fixed. However, for a
given ablation pre s s u re, ρmax ∝ α– 3 / 5, so a higher α
gives a higher va, thus more stabilization. The G Fa b l
curve for the α = 1 design uses L = 0.3 µm and va =
1.8 × 1 05 cm/s, with other parameters the same. This
gives a peak G Fabl that is larger by more than 103

than for the higher adiabat design, while the G Fa b l
for l = 100 is larger by a factor of about 10.

    GFabl(k) = e γk ∆t ,

The modal amplitudes for linear growth were
obtained by multiplying the effective surface finish spec-
t rum by the growth factors. Figure 11 shows the ablation
f ront perturbation spectrum at peak shell velocity.
A c c o rding to the multimode saturation theory of
H a a n ,2 1 modes with amplitudes greater than νr/l will be
a ffected by saturation. We used ν = 2 for the saturation
p a r a m e t e r.2 2 Modes near the peak of the linear gro w t h
s p e c t rum are substantially affected by saturation. After
saturation effects are considered, the peak in the ampli-
tude spectrum is shifted down to l ≈ 60. The total rms
amplitude of RT bubbles obtained from this spectrum is
6.4 µm, well under the total shell thickness (to 1/e o f
peak density) at peak velocity of 135 µm. The rms bubble
amplitude for the α = 1 design is 30 µm with saturation
e ffects included in the same manner, although the rms,
based upon linear growth factors, is 5 cm. The total shell
thickness at peak velocity is 91 µm for the low adiabat
design, but as the peak amplitude is several times the
rms, the shell would be penetrated.

The Haan saturation model does not include addition
of power to modes thro u g h multimode coupling.2 3 T h e
high degree of saturation for the most rapidly gro w i n g
modes in this case causes concern that a turbulent cas-
cade could feed more power into the lower l modes than
was obtained by the analysis above, which assumed only
g rowth from the seed amplitude of each individual l

FIGURE 10. Growth factor for ablation front perturbations during
inward acceleration vs mode number l from the dispersion relation
Eq. (1), for the continuous-pulse capsule design, and for an α = 1
design.     (20-03-0397-0436pb01)

FIGURE 11. Ablation front modulation amplitude at peak velocity
vs l mode from linear growth factors, corrected for saturation, and
amplitude for onset of saturation. (20-03-0397-0437pb01)

va = m
.
/ρmax , m

.



50 UCRL-LR-105821-97-2

DIRECT-DRIVE CAPSULES FOR NIF

mode. To address this issue, we used a 2D multimode
simulation using finite modal amplitudes, including
modes in the range 10 ≤ l ≤ 200 in a wedge of a sphere
extending from θ = π/2 out to the first minimum of the
P1 0 L e g e n d re polynomial. The modes were re p re s e n t e d
as c o s i n e harmonics of the lowest mode. Although these
modes differ slightly from s p h e r i c a l harmonics, as the lat-
ter do not match a single reflection boundary in a wedge,
the diff e rence should have little effect on the results. The
mode amplitudes were adjusted so that the total power
in all Yl m, 10 ≤ l ≤ 200 was included in the reduced set of
modes (l = 10, 20, ..., 200; m = 0) included in the simula-
tion. We simulated imprint of static speckle with an
amplitude corresponding to a 2-ns time-average for the
beam smoothing conditions described earlier. The tru e
averaging time varies with mode number, but it is pro b a-
bly within a factor of two of this value for the important
modes, so these amplitudes should be accurate to within
a factor of       . No surface finish modulation was
included in this simulation.

Figure 12 compares the rms modulation of the abla-
tion front radius postprocessed from the 2D multi-
mode simulation with two applications of the Haan
quasilinear analysis. One Haan application uses the
growth factors from the dispersion relation in Eq. (1)
applied to perturbations arising from imprint alone. The
other uses linear growth factors from 2D LASNEX single-
mode simulations. All three cases agree to within a factor
of about two. The Haan application with LASNEX

growth factors should agree identically with the multi-
mode simulation when the perturbations are linear.
However, there is some disagreement because the evo-
lution of every included mode was followed in the
multimode simulation, while the Haan model applica-
tion interpolated between a smaller number of discrete
l values, which were actually simulated. The multi-
mode simulation shows that the Haan theory gives a
reasonably good result even though linear growth fac-
tors for this case predict a high degree of saturation.

The Haan theory may be applied to perturbation
amplitudes at the inside of the shell as well, where per-
turbations can feed through from the ablation front,
grow during deceleration of the shell, and penetrate
into the hot spot that ignites the capsule. Figure 13
shows linear growth factors to the inner surface,
defined as the ratio of amplitude at the hot spot
boundary at ignition to initial outer surface amplitude.
The model for shell feedthrough at deceleration
growth is very simplified. The feedthrough factor is Fft
= (1 + 1/η)–l, where η = r/∆r = 16 is an average shell
aspect ratio. As much of the deceleration is from a sin-
gle strong shock, we used for the deceleration gro w t h
factor the RM instability e x p ression G Fd = 1 + ∆vkA,
where the velocity change ∆v = 3.8 × 107 cm/s, the
Atwood number A = 0.5, and a radius of 150 µm is
used to obtain the mode number k from l. The total 
linear growth factor to the hot spot boundary is 
GFhs = GFabl × Fft × GFd. Note that the peak GFhs is

FIGURE 12. Ablation front rms modulation amplitude vs time post-
processed from a LASNEX 2D multimode simulation, from applica-
tion of the Haan model using linear growth factors from Eq. (1), and
from the Haan model using LASNEX single-mode simulations. The
approximate shell thickness is also shown. (20-03-0397-0438pb01)

2

FIGURE 13. Hot spot growth factor vs mode number. The hot spot
linear growth factor is the ratio of the amplitude on the outside of
the hot spot at ignition time to the initial outer surface amplitude.
(20-03-0397-0439pb01)
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used to set the beam smoothing re q u i rements for dire c t
drive. A laser bandwidth of 0.5 THz on the foot of the
pulse is predicted to cause target perturbations compara-
ble with those from a surface finish of ∼10 nm.

RT growth factors at the ablation front reach several
thousand for these designs, which have been tuned to
a fuel adiabat of α = 3–4, and growth factors for a low
adiabat design are much larger. Ablation front modu-
lations for the nominal design are predicted to become
substantially nonlinear by peak shell velocity, but
when saturation effects are included, the shell is pre-
dicted to remain intact. Multimode simulations con-
firm predictions of the Haan model on the effects of
saturation. Similar analysis at the hot spot boundary
predicts penetration of about 10% of the hot spot
radius. These results give us a basis for believing that
ignition can be achieved.
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FIGURE 14. Modulation amplitude at the hot spot boundary at igni-
tion time vs l mode from linear growth factors, corrected for satura-
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approximately equal to 400 at l ≈ 50, which is smaller
than the peak GFabl, and peaks at a lower l, because the
high modes feed through ineff i c i e n t l y.

Penetration of cold fuel into the hot spot at ignition
time was assessed similarly to ablation front penetra-
tion. The outer surface initial amplitude spectrum fro m
F i g u re 9 was multiplied by G Fh s; then, saturation eff e c t s
w e re applied using the Haan model. Figure 14 shows
the resulting hot spot amplitude spectrum. The degre e
of nonlinearity at the hot spot boundary is more moder-
ate than was the case at the ablation front. The rms bub-
ble amplitude with saturation effects is predicted to be
3.7 µm, while the amplitude resulting from linear
g rowth factors would be 9.6 µm. The spike amplitude,
which is 1.5 times larg e r, is about 10% of the hot spot
radius. This analysis predicts that penetration into the
hot spot is not great enough to impede ignition or to sig-
nificantly reduce the capsule yield. We have not yet
examined sensitivity to the DT ice roughness, which we
assume to be similar to that for indirect drive.

Conclusions
We have examined direct-drive capsule designs that

could achieve ignition in NIF. Beam geometry suitable for
imploding direct-drive capsules will be provided by
steering some of the beams from the indirect-drive con-
figuration to an additional pair of rings near the waist of
the chamber. Achievable beam pointing accuracy and
power balance is predicted to give satisfactory uniformity
to the implosions. Simulations of laser imprint have been


